Background and Objectives: Colon cancer is one of the leading causes of deaths around the world in human beings. In the present investigation, pharmacokinetic and biodistribution analysis of eudragit-coated chitosan microspheres bearing 5-fluorouracil (5-FU) and celecoxib (Cb) combination (5-FU-Cb-Ch-ES-MSs) was carried out in Wistar rats. Materials and Methods: The tailored microspheres and a suspension of 5-FU and Cb (5-FU-Cb-PS) at the dose of 15 mg/kg of 5-FU and 3.3 mg/kg of Cb, respectively, were administered through oral route of administration. Results and Discussion: 5-FU-Cb-PS exhibited C max of 36.71 ± 3.23 µg/ml at t max of 1 ± 0.17 h for 5-FU. On the other hand, C max of 10.14 ± 1.16 µg/ml at t max of 10.26 ± 0.58 h was noticed for 5-FU released from 5-FU-Cb-Ch-ES-MSs. 5-FU-Cb-PS showed C max of 22.48 ± 5.32 µg/ml at t max of 8 ± 0.00 h for Cb. Correspondingly, C max of 3.18 ± 0.16 µg/ml at t max of 12.39 ± 0.62 h was observed for Cb released from 5-FU-Cb-Ch-ES-MSs. Moreover, at the end of 8 h, 5-FU-Cb-Ch-ES-MSs delivered a substantial amount of 5-FU (56.3 µg/g) and Cb (78.6 µg/g) in the colon, the site of action. Conclusion: This remarkable therapeutic concentration of both the drugs in the colon may be associated with pH-dependent solubility of eudragit S100 and subsequent degradation of Ch core in the colonic milieu due to the presence of polysacharidase enzyme. Therefore, it can be postulated that the 5-FU-Cb-Ch-ES-MSs is a potential candidate for further in vivo study.
INTRODUCTION

C olon cancer or colorectal cancer (CRC)
is the third most commonly detected neoplasm worldwide in human beings, both men and women. It is considered as a lifestyle disease. [1] It is also known as bowel cancer and it starts from the epithelium of colon and rectum. In contrary to CRC, occurrence of anal cancer is rare. [2] Occurrence of CRC varies worldwide and more cases are reported in countries such as North America, Australia, Japan, Western Europe, and New Zeeland and it is closely associated with western lifestyle or prosperity. [1] A small number of cases of CRC are linked with genetic disorders. [3] It usually starts from adenomas, a precancerous growth, non-cancerous, or benign polyps. [4] These benign polyps can progress into adenomatous polyps slowly and approximately 85% of all colorectal neoplasm is developing from these adenomatous polyps. Most CRCs are adenocarcinomas.
Studies show that approximately 1.2 million people are diagnosed with CRC every year and account for more than 6 lakhs deaths per year due to this deadliest disease. [5] As per the report of the World Health Organization, cancer: Fact sheet, cancer is one of the second leading causes of death globally and was responsible for 8.8 million deaths in 2015. CRC is at the third foremost reason of death in all kinds of
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cancer after lung and liver cancer followed by stomach and breast cancer. It is responsible for approximately 7.74 lakhs deaths. As per the reports of American cancer society, in 2017, approximately 95,520 recent cases of colon cancer and 39,910 cases of rectal cancer were diagnosed in America Alone. [6] 5-fluorouracil (5-FU), a synthetic pyrimidine antimetabolite, is the first-line chemotherapeutic agent for the treatment of CRC. [7, 8] 5-FU is extensively metabolized in liver and blood by dihydropyrimidine dehydrogenase into dihydroflurouracil. Moreover, 5-FU has invariable oral bioavailability which necessitates the administration of drug as continuous intravenous infusion, to maintain the therapeutic plasma concentration. [9, 10] Moreover, continuous intravenous infusion of 5-FU is also associated with serious gastrointestinal, hematological, dermatological, and cardiotoxicity including angina pectoris, myocardial infarction, and arrhythmia. [11, 12] As a monotherapy, 5-FU has a very poor response rate of 20% as compared to the response rate of 45% when combined with other anticancer drugs. [9] 5-FU and its prodrug capecitabine both have cardiotoxic nature, leading to angina pectoris, myocardial infarction, arrhythmias, heart failure, and cardiogenic shock. [11, 13] 5-FU also diminishes the heart pump capacity and consequently leads to heart insufficiency due to scattered necrosis with loss of cardiomyocytes. Cardiotoxicity induced by 5-FU may be associated with dose, route of administration, and plan of chemotherapy. [13] Numerous epidemiological, clinical, and laboratory statistics have manifested the role of nonsteroidal anti-inflammatory drugs in prevention and retardation of gastrointestinal tumor including CRC. [10, 14] Moreover, circumstantial evidence supported the potential role of cyclooxygenase-2 (COX-2) in CRC, having increased level of prostaglandins. [15] High COX-2 expression is often discerned in 85% of human colorectal adenocarcinomas. [16, 17] USFDA established the role of Cb, a selective COX-2 inhibitor in halting the growth and progression of CRC in the patients of familial adenomatous polyposis. [18, 19] A therapeutic combination can potentially more effective in the management of CRC in addition to the reduction of side effects as compared to single-drug therapy. Clinical observations established the possible synergism between Cb and 5-FU to improve the chemotherapy of CRC. [10] Therefore, we have fabricated eudragit S100 (ES)-coated chitosan microspheres of 5-FU and Cb combination for colon targeting. In the development of site-specific drug delivery system, the polymer plays a key role as it acts as a carrier to transport the drug at the desired site of action. Chitosan (Ch) is a natural polysaccharide made up of copolymers of glucosamine and N-acetyl glucosamine and employed as a core material for the development of microspheres (MSs).
Ch is a biodegradable and biocompatible polymer and widely used in the development of controlled drug delivery system. Ch has good biological properties such as biocompatibility, biodegradability, non-toxicity, and antibacterial characteristics which make it suitable to be employed as a favorable drug carrier for many potential routes of administration. Due to some physicochemical properties of Ch, for example, cationic charge in acidic medium and inter-and intramolecular hydrogen bonding, this natural polymer can be a more promising carrier for the design of various novel drug delivery systems. Chitosan can be used for a variety of purposes such as a coating agent, mucoadhesive agent, gel former, permeation enhancer, and controlled-release matrix. Chitosan is not degraded in the stomach and small intestine, but it is degraded in the colon due to the presence of gut flora, anaerobic bacteria which degrade polysaccharides in the presence of enzyme. [20] On the other hand, eudragit S100 (ES), a pH-sensitive polymer is used for the coating of microspheres to prevent the release of the therapeutic moiety in upper gastrointestinal tract. It is a copolymer of methacrylic acid and its esters and has a considerable role in pH-dependent site-specific drug delivery. ES releases the drug in the colon as it dissolves in the colonic environment (pH 7.0). In the present investigation, we have reported the pharmacokinetic and biodistribution of 5-FU-Cb-PS as well as 5-FU-Cb-Ch-ES-MSs. Both were introduced separately to rats at the dose of 15 mg/kg of 5-FU and 3.3 mg/kg of Cb, respectively.
MATERIALS AND METHODS
Materials
5-FU (98-99% pure) was purchased from CDH-Laboratory Chemicals, India. Cb was gifted by Cadila Pharmaceutical, Ahmadabad, India. Ch (M.W. 75,000-150,000 Da) and ES were procured from HiMedia Laboratories, Mumbai, India. Acetonitrile and water (HPLC grade) were purchased from Fisher Scientific, Mumbai, India. All other reagents and chemicals used were of analytical grade.
In vivo study
In vivo study was executed as per the standard guidelines laid down by CPCSEA, Ministry of Social Justice and Empowerment, Government of India. The Institutional Animal Ethics (IAEC) had approved the study (Protocol No. IAEC/Feb17/19). The in vivo study was carried out in male healthy Wistar rats (250-300 g). 48 animals were randomly divided into two groups (comprising 24 in each) which were designated as standard and test. The rats were housed in standard laboratory conditions at an ambient temperature of 25 ± 3°C and a relative humidity of 65 ± 5% on a 12:12 h light:dark cycle. The rats were subjected to 12 h fasting before dosing with free access of water.
Pharmacokinetic and biodistribution analysis
The first group of rats served as "standard" comprising eight groups of rats (n = 3) was orally administered with 5-FU-Cb-PS of combination of 5-FU (15 mg/kg) and Cb (3.3 mg/kg) prepared in PBS (pH 7.4). The second group, termed as "test," received 5-FU-Cb-Ch-ES-MSs at identical dose.
The blood samples were withdrawn by rupturing the heart of the rat at predetermined time points of sampling, i.e., 0, 0.5, 1, 2, 3, 4, 8, and 24 h. The blood samples were collected in the heparinized tubes and promptly centrifuged at 5000 rpm for 30 min to separate the plasma and subsequently stored at −20°C until further analysis. [21] Stomach, small intestine, and colon were also isolated from the rat. The luminal contents were separated and weighed. The isolated organs were washed with normal saline solution and longitudinally cut to remove any traces of luminal content. The isolated organs were homogenized with 5 ml of normal saline to prepare tissue suspension. Next 1 ml of tissue suspension was mixed with 5 ml of acetonitrile to precipitate the proteins. Following this, the mixture was vortexed for 30 min to extract the drugs. Furthermore, the mixture was centrifuged at 5000 rpm for 20 min at 4°C. The supernatant was filtered through 0.22 µm membrane filter. A 20 µl of the filtrate was injected into HPLC to determine the 5-FU and Cb content. [22, 23] 
HPLC determination of 5-FU and Cb
The quantitative estimation of 5-FU and Cb in rat plasma and different parts of GI tract was performed by HPLC. The system used for this purpose was HPLC ([1220 Infinity LC], Agilent Technologies, Germany) equipped with UV detector and EZ Chrome Elite software. Zorbax eclipse C18 column was used as the stationary phase, whereas the combination of acetonitrile and water (50:50) was used as the mobile phase. The flow rate of 1 ml/min was maintained at which mobile phase was pumped into the column. The detection of the eluents was carried out by UV-vis detector at 260 nm. [12] 
RESULTS AND DISCUSSION
Colon targeting through oral route of administration is more convenient as compared to parenteral route of administration in terms of improved therapeutic index, higher bioavailability is a key parameter which reflects the extent of absorption of the drug. A significant decrease (unpaired t-test, P < 0.05) in the AUC 0−t (8.19 ± 1.25 µg-h/ml) was observed for 5-FU released from 5-FU-Cb-Ch-ES-MSs in comparison to AUC 0−t (52.32 ± 3.44 µg-h/ml) of 5-FU released from 5-FU-Cb-PS. ) and Cb (78.6 µg/g) in colon was observed; however, upper GI tract received only negligible amount of both the drugs [ Figure 2 ]. This notable increased amount of 5-FU and Cb in the colon may be linked with pH-dependent solubility of ES and consequent protection to the Ch-MSs in gastric and intestinal milieu. In addition, the presence of ample number of microflora in the colonic environment is also responsible for biodegradation of chitosan core of the tailored MSs.
CONCLUSION
In the present investigation, pH modulated 5-FU-Cb-Ch-ES-MSs were fabricated to deliver the combination of drugs in colon. Ch, a carbohydrate polymer, was used as the core material which degrades in the presence of polysacharidase enzyme, localized in the colon. Hence, Ch is widely used for tailoring the micro and nanoparticulate system for colon targeting. ES coating helped the tailored system to release the drug in the colonic milieu only. Pharmacokinetic parameters of 5-FU-Cb-Ch-ES-MSs in addition to biodistribution pattern were calculated in rats.
In conclusion, our colon targeted formulation is able to deliver a significant amount of 5-FU and Cb in the colon despite its less absorptive surface area with minimal release in stomach and small intestine, having substantial surface area for absorption. Further studies are warranted to test the therapeutic potential of 5-FU-Cb-Ch-ES-MSs in xenograft model of colon cancer under a stringent set of parameters. 
